We present a 79-year-old Japanese woman diagnosed with cerebral infarction. In spite of enough antiplatelet and anticoagulant therapy, she presented rapidly recurrent strokes three times for 3 months. Magnetic resonance imaging showed progression of bilateral cerebral infarcts, and chest-abdominal computed tomography showed multiple bilateral nodular lesions in the lung and multiple tumor lesions in the liver. Autopsy revealed diagnosis of intravascular lymphoma (IVL). This case indicates that IVL is rare and usually goes undiagnosed until time of autopsy because of its protean neurological manifestations; hence, it should be considered as a possible etiology if multiple strokes occur in a short period of time.
Introduction
Intravascular large B-cell lymphoma (IVL) is a rare entity individualized in the WHO classification since 2001 as a subtype of extranodal diffuse large B-cell lymphoma, which is characterized by the selective growth of lymphoma cells within the lumina of small-and medium-sized vessels, without the involvement of adjacent parenchymal tissue [1] [2] [3] . Pathogenesis of IVL remains inadequately understood [4] . Primarily it affects the middle-aged to elderly population with a poor performance status, with a slight predominance in men, with an estimated incidence of <1 case per million people [5] . Overall mortality rate is thought to be >80%, and >50% of patients are diagnosed at postmortem examination [5] . According to some paper, of patients with IVL, 88% were diagnosed with B-cell lymphoma, 6% with T-cell lymphoma, and 2% with NK cell lymphoma [3] . It is difficult to distinguish between IVL and lymphomas originating from extranodular organs with systemic dissemination into extranodular organs [6] .
From a literature review, we did not find any case of IVL with unexplainable multiple recurrent strokes in a short period of time, three times for 3 months, in Japan. We herein report a case with unexplainable multiple recurrent strokes for whom the diagnosis was made at autopsy.
Case Report
A 79-year-old woman was admitted to our hospital with cognitive decline. Her family history included death of both of her parents caused by cerebral infarction. Her medical history included an operation to appendicitis, type 2 diabetes mellitus and dyslipidemia; meanwhile, it did not include thrombosis. Her vital signs were within normal limits in the examination room. She did not have symptoms of respiratory or gastrointestinal infection or receive any vaccination in the past 2 months. A physical examination showed muscle weakness in the right side of her body. Routine blood tests showed anemia, hypoalbuminemia, elevation of C-reactive protein, alkaline phosphatase, lactate dehydrogenase (LDH), γ-glutamyltransferase, phosphorus, blood sugar, and hemoglobin A1c, and decrease of calcium and total cholesterol; meanwhile, it did not show coagulation disorder. An electrocardiogram showed normal sinus rhythm without atrial fibrillation, and a carotid ultrasonography showed mild arteriosclerosis. The brain magnetic resonance imaging (MRI) showed multiple ischemic lesions including in the left temporal-parietal region and bilateral cerebellum which were hyperintense on T2-weighted imaging (T2WI; fig. 1 ).
Considering her age and past history including type 2 diabetes mellitus and dyslipidemia, she was treated with aspirin 200 mg and ticlopidine 100 mg, together with rehabilitation for suspected ischemic lacunar stroke. Subsequently, sudden onset of unconsciousness (Japan Coma Scale 1), gait disturbance, and incomplete paralysis on the right side of her body was found on hospital day 44. MRI T2WI showed a new ischemic lesion in the left anterior region ( fig. 1 ). Magnetic resonance angiography revealed mild stenosis of the bilateral internal carotid arteries, middle cerebral arteries, and anterior cerebral arteries. She was added anticoagulant therapy by argatroban, heparin, and warfarin for suspected recurrent ischemic stroke. Chest-abdominal computed tomography (CT) showed multiple bilateral nodular lesions in the lung and multiple tumor lesions in the liver; however, her general condition was so poor that we could not perform further minute investigation. Subsequently, sudden onset of consciousness disorder (Japan Coma Scale 3) and incomplete paralysis on the left side of her body was found on hospital day 79, and MRI T2WI on hospital day 94 showed new ischemic lesions in the right anterior region of the cerebrum ( fig. 1 ). Subsequently, we found suspected ischemic lesions expanded by CT scan and her general condition gradually deteriorated; however, we could not understand their cause. Additionally, we found values of biliary enzymes being gradually elevated; hence, we suspected the occurrence of cholecystitis by abdominal CT and administered antibiotics. However, her general condition gradually deteriorated and she died of multiple organ failure on hospital day 123. Autopsy revealed two important findings. First, tumor embolism caused by atypical lymphoid cells was confirmed in vessels of brain, lung, and liver, namely dissemination to solid organs ( fig. 2a, b) . Second, tumors in the vessels were found to be B-cell lymphoma according to the morphology and immunophenotype (CD20+; fig. 2c ). On the other hand, we did not confirm neoplastic proliferation into bone marrow. We suspected diagnosis of lymphoma and measured the value of soluble interleukin-2 receptor using plasma taken at hospital day 44, and it was remarkably high (3,300 U/ml). In conclusion, pathological diagnosis was revealed as tumor embolism caused by intravascular B-cell lymphoma, while we clinically diagnosed her illness as recurrent cerebral infarction before the autopsy.
Discussion
In this case, we could not suspect IVL as one of differential diagnosis until the time of autopsy because of nonspecific clinical presentation, laboratory and image findings. The common differential diagnoses of rapidly recurrent multiple stroke-like episodes include embolism of cardiac origin, demyelination diseases such as multiple sclerosis or acute disseminating encephalomyelitis, cerebral venous thrombosis, paraneoplastic syndromes, thyroid disorders, vasculitis, infection, or neoplasm [7] . The present case did not have atrial fibrillation, valvular heart disease, or other cardiac disorders predisposing to cardioembolic stroke, but she had diabetes and dyslipidemia, which were considered as cardiovascular risks. Demyelination diseases were not likely for either patient considering lack of history of recent infection or vaccination, and absence of typical chronic course of disease progression. IVLs showing only neurologic manifestations might be misdiagnosed as cerebral infarctions [8] , and IVLs sometimes cause unexplained multifocal and recurrent strokes. Therefore, IVL should be considered as a possible etiology if multiple strokes occur in a short period of time, but it is so difficult [9] . For patients with recurrent stroke-like events despite of antithrombotic therapies, the accurate diagnosis requires a high index of suspicion by the neurologist and a brain biopsy specimen demonstrating lymphoma cells within the lumen of cerebral blood vessels [10] .
The initial MRI of the brain showed multifocal plaque-like central nervous system (CNS) lesions suggestive of multiple sclerosis, and follow-up MRI studies suggested new parenchymal brain lesions consistent with multiple evolving embolic strokes and subsequently with brain infarcts [2] . Abnormal findings in brain MRI of IVL patients are as follows: (1) infarct-like lesions, (2) nonspecific white matter lesions, (3) meningeal enhancement, (4) mass-like lesions, and (5) hyperintense lesions in the pons on T2WI [7] . Cerebral MRI findings in patients with IVL are also diverse; these variations make diagnosis challenging and it is difficult to distinguish tumor embolism from thromboembolism [7] . Therefore, in this case, we could not consider MRI findings as tumor embolism. Importantly, neuroimaging discloses CNS involvement only in half of patients with neurological symptoms because there are no pathognomonic neuroradiological findings for IVL; ischemic foci are the most common presentation pattern, and therefore, vasculitis is the most common differential diagnosis [11] . Therefore, we should not deny the possibility of IVL because of absence abnormality in imaging procedure [12] . On the other hand, (18)F-fluorodeoxyglucose (FDG) positron emission tomography/CT imaging showed increased FDG uptake in the involved organs; therefore, it can be used in suspected cases of IVL for early diagnosis of this rapidly fatal malignancy [13] .
A systemic evaluation to determine the proper biopsy site is needed for early diagnosis [1] . However, clinical presentations are nonspecific, focal space-occupying lesions or lym-phoadenopathy are always lacking, and due to its aggressive behavior, it often leads to a delayed diagnosis, and diagnosis is made postmortem in half of the cases [2, 5] . Among them, CNS IVL had the highest proportion, 60% compared to 8% of skin, 11% of bone marrow and spleen, and 7% of lung IVLs [3] . Therefore, organ biopsies are mandatory for accurate IVL diagnosis; however, no standard procedure has been established [4] . On the other hand, minimally invasive and highly sensitive procedures are required for its accurate diagnosis: bone marrow aspiration and biopsy, and random skin biopsy at an early stage are recommended [6] , although, in this case, the proliferation of IVL cells was not confirmed in bone marrow. Random skin biopsy from normal-appearing skin is highly sensitive in the diagnosis of IVL, comparable to bone marrow trephine biopsy [14] . It should be performed irrespective of the presence or absence of skin lesions in patients who were suspicious of IVL [14] . Therefore, if we had suspected the existence of lymphoma as one of differential diagnosis when we found tumors over her whole body, we could have performed random skin biopsy and made a correct diagnosis of IVL. She could have undergone skin biopsy even if her general condition was so poor that she could not undergo lung or liver biopsy.
According to the WHO classification, IVL is defined as a lesion being limited inside vessels; therefore, our case cannot strictly satisfy the criteria of IVL. However, tumor formations or invasion to the outside of vessels are often found in advanced cases or autopsy, and lesions or situations are suspected to be developed from IVL; hence, a recent convincing view is that we diagnose IVL when the lesion is found in the small vessel or sinusoid [15] . In conclusion, we herein reported a case report of IVL which presented as recurrent and stepwise strokes in a short time of period. IVL should be considered as a possible etiology if multiple strokes occur in a short period of time.
Statement of Ethics
We declare that written informed consent for publication was obtained from the patient.
Disclosure Statement
The authors state that they have no conflict of interest. 
